Objectives: To clarify the optimal length of the antral cuff (LAC) in patients after pylorus-preserving gastrectomy (PPG), we investigated relationships between LAC and postgastrectomy disorder (PGD) such as postprandial abdominal fullness (PAF), and between LAC and gastric empting function (GEF) in PPG patients. Background: The main cause of PGD in PPG patients has been considered to be LAC. Relationships between LAC and PGD and GEF in PPG patients are still unknown. Methods: Of 50 patients who underwent PPG in our hospital from January 2001 to December 2015 were divided into 2 groups [Group A, short LAC of 1.5 to 2.5 cm (n = 24); Group B, long LAC of 2.6 to 3.5 cm (n = 26)]. The relationships among LAC, PGD, and GEF were retrospectively studied. Results: LAC was clearly shorter in group A than group B (P < 0.01). PAF, appetite and food consumption per meal were clearly more favorable in group B than in group A (P < 0.01, respectively). Symptomatic reflux esophagitis (RE), early dumping syndrome, decreased percent body weight for pre-illness, endoscopic RE and endoscopic gastritis in the remnant stomach were more frequent in group A than group B. Gastric stasis in the remnant stomach was clearly more frequent in group A than group B (P < 0.01). GEF with the solid diet in group A was clearly more delayed than in group B (P < 0.01). Conclusions: Patients with a short LAC showed worse postoperative QOL and delayed GEF with the solid diet compared with a long LAC.
Introduction
In clinicopathological analyses, PPG are associated with clearly lower incidences of early dumping syndrome (EDS), gastritis in the remnant stomach and reflux esophagitis (RE) as well as a significant decrease in postoperative malnutrition due to loss of appetite and postoperative body weight loss [1] [7] . Frequencies of PAF after PPG have been reported at 30% to 60% [1] [2] [3] [5] [6] [7] [8] . PAF has been reported to be closely associated with food intake [9] . Food consumption per meal then becomes insufficient and leads to a marked deterioration of the postoperative QOL, which is one of the major problems in patients after PPG. Therefore, it is considered that PAF may be caused by GSRS due to delay of the gastric emptying function (GEF).
Generally well-known GEF tests are the radioisotope method where gastric emptying of a semisolid diet or solid diet is examined, and the acetaminophen method where gastric emptying of a liquid diet is examined [10] [11] . The radioisotope and acetaminophen methods are physiological and quantitative tests that are noninvasive and cause no bitterness to patients [9] . For the GEF test with a solid diet (rice gruel is substituted in Japanese), a radioisotope method using 99m Tc tin colloid has been used. In order to examine GEF with a liquid diet, the acetaminophen method has been used with orange juice. It is reported that PPG patients show a GEF delay in a solid and semisolid diet [1] [2] [3] [5] [6] [7] [8] . The main cause of postgastrectomy disorders (PGD), especially PAF, due to delayed GEF after PPG has been considered to be the length of the antral cuff (LAC) [2] [11] [12] [13] . However, the optimal LAC still unknown [13] .
Aim of the study
We studied the correlations between LAC and PGD including PAF and GSRS, and between LAC and GEF of the residual stomach in patients who underwent PPG for early gastric cancer.
Patients and Methods
From January 2001 to December 2015, 50 patients with early gastric cancer without lymph node metastasis in the lower and/or middle stomach visited our Follow up periods were from 1.5 to 5 years after PPG. This study was performed to each patient at 1.5 years after PPG.
Postoperative Interviews and Esophagogastric Scopy
Symptomes of PAF, appetite, food consumption per meal compared with at normal status, symptoms of RE (e.g., heartburn, feeling of regurgitation, difficulty swallowing), EDS, and percent body weight compared with before illness were inquired of all subjects 1.5 years after operations.
Patients with or without RE, gastritis in the remnant stomach (GRS), and GSRS were also examined by esophagogastric endoscopy.
GET for Solid Diet (Radioisotope Method)
GEF for solid diet (radioisotope method) and GEF for liquid diet (acetaminophen method) were performed in all patients. In GEF for solid diet (radioisotope method), after 99m Tc tin colloid was added to the diet (200 g of rice gruel with a raw egg) and mixed well, the total quantity was ingested by subjects within 5 minutes in a sitting position. Measurement was performed with a scintillation camera (Hitachi HARP I, Tokyo, Japan). Scanning (imaging) was performed from the abdominal (front) side in a supine position for one minute. The scanning time was from 0 (immediately after the completion of ingestion) to 120 minutes. The data were put into a computer to count radioactivity in the region of interest (ROI) of the stomach. After adjusting for the half-life of 99m Tc, the time for the residual rate (%) of the radioactivity in the stomach on completing ingestion (time 0) to reach 50% of the residual rate after ingestion was calculated, considering the residual rate at time 0 as 100. Residual rates (%) at 120 min in the remnant stomach were also calculated.
GET for Liquid Diet (Acetoaminophen Method)
After 1 g of acetaminophen (Yamanouchi, Tokyo, Japan) was dissolved in 250 ml of orange juice and mixed well, the orange juice was promptly drunk by subjects in a sitting position. Subjects adopted the same supine position as for the radioisotope method for blood collection. This was considered as time 0, and blood collection was performed at 45 minutes. The blood concentration of acetaminophen was determined with a whole blood concentration determination system (TDX; Abbott, Abbott Park, IL, USA) based on the principle of the immunofluorescence polarization assay. Subjects discontinued any drugs that might affect gastrointestinal movement from one week before the examination, and did not take any food and drink from the evening (9:00 p.m.) before the examination. The examination was performed from 9:00 a.m. on the following day. GEF with the solid diet was followed by the determination for the liquid diet with an interval of one week.
Informed consent was obtained from all individuals participating in the present study. The present study was approved by the Ethical Committee of Nihon University School of Medicine (Tokyo, Japan).
Criteria for Surgery
Early M or SM1 cancers at the lower and/or middle third of the stomach were selected, where N0 was confirmed by ultrasonic endoscopy, computed tomography and magnetic resonance imaging in preoperative examinations. Furthermore, all cases in this study were unsuited for endoscopic mucosa resection or partial excision of the stomach. Cases in which the remnant stomach would be 1/3 or more were also included (in the present study, the remnant stomach in both groups were 1/3). According to our data, in M cancer the distance from the anal-side margin of the tumor to the pyloric sphincter was 2.5 cm or more and that in SM1was 3.5 cm or more, and the resected margin was free from cancer cells, microscopically. In this surgical technique, the pyloric antrum (i.e., length of the pyloric cuff; LPC) 1.5 to 3.5 cm from the pyloric sphincter was preserved. Regarding lymph node dissection [according to Japanese general rules for Gastric Cancer Study in Surgery and Pathology (the Japanese Classification of Gastric carcinoma), D1 lymph node (numbers 1, 3, 4sb, 4d, 5, 6 and 7) was excised in M cancer while preserving PHCV [3] [14] . SM1 cancer was also excised with D1 + α (numbers 8a and 9) lymph node while preserving PHCV. D1 lymph nodes except for number 7 are located in the perigastric tissue along the lesser and greater curvatures and in close proximity to the primary tumor. Number 7 lymph nodes are located around the left gastric arteries. Number 8a lymph nodes in the anterosuperior group are located along the common hepatic artery. Number 9 lymph nodes are located around the celiac artery. In addition, both the infrapyloric artery and vein were preserved.
Statistical Analysis
Statistical analyses were conducted using the non-parametric Kruskal-Wallis test For statistical analysis of the percent body weight of the pre-illness weight, the Student's t-test was used. A P value less than 0.05 was regarded as significant.
Results

Characteristics of Patients
There were no significant differences in patients' characteristics between groups A and B except for LAC. LAC in group A was 2.0 ± 0.4 cm (1.5 to 2.5 cm) and that in group B 3.0 ± 0.3 cm (2.6 to 3.5 cm). In addition, LAC was clearly shorter in group A than group B (P < 0.01; Table 1 ). 
Interview
PAF was observed at a rate of 100% (24/24) in group A and 7.7% (2/26) in group B. In addition, PAF was clearly more frequent in group A compared with that in group B (P < 0.01). The remaining cases in group B had no PAF (Table 2 ). In appetite, "No change compared with at normal status" was observed at a rate of 54.2% (13/24) in group A and 92.3% (24/26) in group B, and was clearly more frequent in group B compared with that in group A (P < 0.01). The remaining cases in both groups were "Decreased compared with at normal status" ( Table 2 ).
In food consumption per meal compared with at normal status, the level "2/3 or more compared with at normal status" was observed at a rate of 50.0% (12/24) in group A and 92.3% (24/26) in group B, being clearly more frequent in group B than that in group A (P < 0.01). The remaining cases in both groups were "Less than 2/3 compared with at normal status" ( were less frequent in group B compared with group A (ns). The remaining cases in both groups showed no EDS ( Table 2 ). The percent body weight compared with pre-illness weight was 91.2% ± 5.8% in group A and 92.8% ± 4.2% in There was no significant difference between the groups (ns). Body weight decreased in all patients, but the decrease in the percent body weight compared to pre-illness was greater in group A than in group B (Table 2) .
PAF, appetite and food consumption per meal were clearly more favorable in group B than group A. Symptomatic RE, EDS and decreased percent body weight compared with pre-illness were more frequent in group A than in group B.
Findings of Esophagogastric Endoscopy
Patients with or without RE, gastritis in the remnant stomach (GRS), and GSRS were examined by esophagogastric endoscopy. Endoscopic RE (Los Angeles classification Grade A) was noted in 16.7% (2/12) of group A and 3.8% (1/26) of group B. It was less frequent in group B compared with group A (ns). The remaining cases in both groups had no endoscopic RE (Table 3) . GRS occurred at 33.3% (8/24) in group A and 15.4% (4/26) in group B. GRS was more frequent in group A compared with group B (ns). The remaining cases in both groups had no GRS (Table 3) . GSRS occurred at 41.7% (10/24) in group A and 23.1% (6/26) in group B. GSRS was clearly more frequent in group A than in group B (P < 0.01). The remaining cases in both groups had no GSRS (Table 3) .
Endoscopic RE and GRS were more frequently detected in group A than in group B. GSRS was clearly more prevalent in group A than in group B.
GET with the Solid Diet (Radioisotope Method)
The time to 50% residual rates were 77.4 ± 8.2 minutes in group A and 61.8 ± 6.9 minutes in group B. The rate in group A was clearly delayed compared with that in group B (P < 0.01; Table 4 ).Residual rates (%) at 120 min in the remnant stomach were 49.8%± 8.6% in group A and 37.6% ± 6.2% in group B. Residual rates at 120 min in group A were clearly higher than those in group B (P < 0.01; Table 4 ). 
GET with the Liquid Diet (Acetoamonophen Method)
The blood concentration of acetoaminophen at 45-minute was 46.2 ± 5.7 μg/ml in group A and 45.5 ± 4.8 μg/ml in group B. There were no significant differences in the blood concentration of acetoaminophen at 45-minutes in between groups A and B (Table 4 ).
According to these results, GEF with the solid food was clearly delayed in group A compared with group B. However, there was no difference in the liquid empting time in between groups.
Discussion
Even for early gastric cancer located in the middle and/or lower stomach, the distal part of the stomach including the pylorus has conventionally been resected with D2 lymph node dissection without preserving PHCV (i.e., conventional distal gastrectomy) [1] . PGD such as malnutrition due to loss of appetite, weight loss, EDS, RE, or GRS are unfavorable sequelae in patients after conventional It is considered that PGD, especially PAF with GSRS, after PPG is due to damage to PHCV and infrapyloric vesscels (artery and vein) as a result of skeletonization of the subpyloric region with the subpyloric lymph node dissection [15] [16] . It is also reported that PHCV are necessary for pyloric sphincter functioning in patients after PPG [11] [12] . In recent years the vagal nerves, including hepatic and pyloric branches, have been preserved to prevent PGD including PAF and endoscopic GSRS [13] . Nakabayashi et al. [6] suggested that gastric stasis during the early postoperative period in patients after PPG without preservation of the pyloric branch of the vagal nerve is due to tonic and phasic contractions of the pylorus. In contrast, it was concluded that preservation of the vagal [17] also showed that PAF due to GSRS can be present up to 5 years after PPG even with preservation of the PHCV. Therefore, the roles of PHCV in PPG are not clearly understood. Moreover, it is well-known that the vagal nerves such as PHCV are an important factor in intestinal peristalsis [20] . In addition, it is reported that preservations of the infrapyloric artery and vein are important to prevent the postoperative gastric stasis after PPG [15] [16] . Ischemia around pylorus may lead to pyloric dysfunction. In this study, all subjects were early gastric cancer (M and SM1) without lymph node metastasis. Therefore, we preserved PHCV and both the infrapyloric artery and vein in all PPG patients.
Preserving the pyloric sphincter prevents EDS due to the rapid emptying of food and prevents RE, alkaline GRS due to reflux of duodenal juice into the remnant stomach and esophagus [1] . It was reported that the remnant stomach emptying function was favorable when a 2.0-cm or longer pyloric antrum was preserved, and favorable QOL results were obtained in patients after PPG [2] [11] [12] . Nakane et al. [12] pointed out that in PPG with transection 1.5 cm proximal to the pyloric ring, PAF and a high incidence of food residue in the remnant stomach after meals were common compared with PPG with transection 2.5 cm proximal to the pyloric ring, resulting in poor food intake and body weight recovery. They further demonstrated that PPG with transection 2.5 cm proximal to the pyloric ring was superior to that with transection at 1.5 cm in terms of postprandial symptoms, food intake, body weight recovery and gastric emptying. They concluded that the length of the retained antrum (i.e., LAC)
plays an important role in the motility of the pyloric ring following PPG. According to this data, the size of LAC may be related to the delayed gastric emptying of a diet. Although the LAC gradually increased, from 1.5 cm during the initial use of the procedure to 3.0 cm or more currently, its optimal length still remain unclear [13] [17] . As for the interviews in this study, PAF was observed at a rate of 100% in patients with a short LAC (1.5 to 2.5 cm) and at 7.7% in those with a long LAC (2.6 to 3.5 cm). According to this data, the author divided patients after PPG into 2 groups (short LAC and long LAC) in the present studies. To clarify the causes of PGD, especially PAF, studies in PPG patients with preservation of the vagal nerve have been performed focusing on LAC. PAF, appetite and food consumption per meal were clearly better with a long LAC than a short LAC. Symptomatic RE, EDS, and decreased percent body weight versus pre-illness were found more often with a short LAC than with a long LAC.
Antropyloroduodenal coordination is very important to transport gastric contents to the duodenum [21] . GEF, especially PAF, may be a motility disorder such as antropyloroduodenal coordination in patients after PPG. In this study, on findings of esophagogastric endoscopy, endoscopic RE and GRS were more frequenty detected in PPG with a short LAC than with a long LAC. GSRS was clearly more frequent in PPG with a short LAC than in that with a long LAC. In accordance with the interviews of PGD and esophagogastric endoscopic findings, PPG patients with a short LAC may experience discoordination of antropyloroduodenal motility compared with those with a long LAC. We suggests that a long LAC may be necessary to coordinate antropyloroduodenal motility for preventing PGD such as PAF.
The postoperative pathophysiology of the GEF of a solid diet in patients after PPG has been assessed in detail. Generally, 99m Tc tin colloid or 99m Tc-DTPA is used for the solid diet as a nuclide [10] . As the acetaminophen method can be safely performed at a reasonable cost, it is widely used for the determination of the emptying time of a liquid diet instead of the radioisotope method [9] . As a solid diet, we used rice gruel because it is familiar to Japanese people, easy to eat after gastric surgery, and easy to cook and prepare for the experiment. In a previous study, the gastric emptying curve with a rice gruel diet presented a regression line with a high regression coefficient in the control subjects, and author thus considered that there was no problem associated with the use of a rice gruel diet, being the same as a solid diet [22] . The time to 50% residual rates revealed GEF with a solid diet [9] [10]. In the present study, the author used the time to 50% residual rates to evaluate GEF in patients after PPG. To examine the liquid diet-emptying function with the acetaminophen method, diets such as milk, liquid food, elemental diet, and orange juice are used. Acetaminophen is not entirely absorbed by the stomach but is promptly absorbed by the small intestine [9] . It is suggested that the blood concentration of acetaminophen at 45 minutes shows the GEF with a liquid meal [9] . We used the same method in this study.
Mistiaen et al. [23] also showed that liquid diets are more appropriate for detecting possible rapid gastric emptying rates and EDS. A solid diet test, on the other hand, can be used to study gastric stasis. To clarify the reasons for the persistent PAF and GSRS in the present study, the author investigated the GEF after PPG. The gastric emptying of the solid diet was significantly delayed in PPG with a short LAC compared with a long LAC. However, the gastric emptying of the liquid diet showed no difference between PPG with a short LAC and PPG with a long LAC. Thus, in PPG patients, preservation of a long LAC is considered to be useful to prevent delay of the gastric emptying. It is possible that a feeling of PAF after PPG with a short LAC due to the long-term retention of solid food may occur due to delayed emptying of the solid diet. Therefore, slow emptying of a solid diet in patients after PPG, especially those with a short LAC, may contribute to the sensation of PAF due to GSRS. Regarding GEF with a liquid diet [blood concentration of acetoaminophen at 45 minutes (μg/ml)], there were also no significant differences among patients after PPG with a short LAC, those with a long LAC, and normal subjects. In this study, GEF with the solid food was clearly delayed in patients with a short LAC compared with that in patients with a long LAC. However, there was no difference in liquid empting time between PPG patients with a short LAC and those with a long LAC.
This was a retrospective study. A randomized control trial comparing the 
Conclusion
PAF, appetite and food consumption per meal were clearly more favorable in PPG patients with a long LAC [3.0 ± 0.3 cm (2.6 to 3.5 cm)] than a short LAC [2.0 ± 0.4 cm (1.5 to 2.5 cm)]. Symptomatic RE, EDS, decreased percent body weight compared with pre-illness, endoscopic RE and GRS were more frequent in PPG patients with a short LAC than in those with a long LAC. GSRS was clearly more prevalent in PPG patients with a short LAC than in those with a long LAC. GEF with solid food was clearly delayed in PPG patients with a short LAC compared with a long LAC. However, there was no difference in the liquid empting time between PPG patients with a short LAC and those with a long LAC. Patients with a short LAC showed a poor postoperative QOL and delayed gastric emptying of a solid food compared to those with a long LAC.
